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Recent experimental studies have revealed the 
importance of reflected particles in excited states in 
hydrogen recycling in fusion devices 1). Although ionization 
probability of the reflected particles have been extensively 
studied because of its practical importance on the secondary-
ion-mass-spectrometry (SIMS), electron population in 
exicted states for reflected neutrals has not attracted much 
interest. In this respect, complemental studies on ionization 
and excitation of the reflected particles at the solid surface 
are desirable both experimentally and theoretically. We have 
been trying to develop a model to investigate the ionization 
and excitation probabilities of a proton beam reflected at 
some metal surfaces with low and intermediate velocities 
( v ~ V Bohr ), as the neutrals are expected to dominate the 
reflected particles 2). 
In metal solids, penetrating ions are screened effectively 
due to high density of conduction electrons. According to the 
Thomas-Fermi approximation, the electron gas screens the 
ions over a distance 0.641F, a.u., where rs is the Wigner-
Seitz radius (2 ~ rs ~ 6 ) for metals. This distance is so short 
that bound states of the hydrogen atoms can not be formed 
or their binding energies are too small compared to the 
Fermi-energy of the conduction electrons. Indeed, a quantum 
mechanical calculation showed that the atomic Is state 
became a resonance state with life time as short as 
10-15 second at and in the vicinity of an Al surface 3). Thus 
the neutrals can be formed only in the tail of electron density 
distribution just outside the surface, namely, final charge 
states and excited states of the reflected particles are reached 
in receding from the surface. This scenario has already been 
proposed to explain spin polarization observed in neutrals of 
a deuteron beam emerging from a ferromagnetic nickel foil 4), 
and has later been justified by semi-classical calculations of 
resonant charge transfer in ion-collision with a jellium 
surface 5). 
In the present model, only single-electron resonant 
processes are taken into account. They include the (classical-
over-the-barrier and tunneling) resonant neutralization and 
the resonant ionization. Both Auger neutralization and Auger 
de-excitation, in principle, can also contribute to the 
neutralization and de-population of the excited states just 
outside the surface, respectively. They are not taken into 
account presuming their minor effects. H- formation above 
the surface may be appreciable in some cases, however it is 
out of scope of the present study. 
Three-body recombination with the electrons in the topmost 
surface layer may participate into the neutral formation 6), 
but we leave the investigation to our future studies. 
A (tentative) practical way to obtain the ionization and 
excitation probabilities of the reflected hydrogen atoms may 
be as follows. Surface electron states are treated in the 
jellium model. Within the independent particle model, an 
interaction potential for an active electron is given by, 
V(r;R) = Ve (r) + V:e (r; R) + Vpe (r; R) , (1) 
wherer andR are position vectors of the electron and the 
proton, respectively. Vpe is simply the electro-static 
Coulomb interaction potential between the electron and the 
proton. The interaction potential between the electron and 
the jellium surface in absence of the proton is denoted by V
e
, 
which is obtained from the electron density distribution in 
the presence of the jellium surface 7). The induced potential 
(image potential) due to fluctuation of the electron density 
induced by the proton is denoted by V:e . 
The induced electron density fluctuation by the very slow 
proton ( v « V Bohr) is obtained from some static linear-
density-response functions in density-functional theory 8). 
However, as for the induced fluctuation by the proton 
moving with a velocity as high as v Bohr ' we may need to 
develop some dynamic density-response theory. Motion o( 
the proton can be approximated by a classical trajectory, 
since the de Broglie wavelength is small compared to 
characteristic length scale of the interaction. Only receding 
portion is considered, and the receding particles are assumed 
to have a constant velocity. The velocity distribution of 
reflected particles may be obtained by some Monte Carlo 
simulations of multiple collisions in the solid, e. g. EDDY 
code 9). Time-evolution of electron wave functions is 
obtained by solving a time-dependent Schr6dinger equation 
with the interaction potential of eq. (1). The ionization and 
excitation probabilities may be calculated by projecting the 
total electron wave function at some steady state onto atomic 
wave functions centered about the proton. 
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